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ULTRASONIC DIAGNOSIS DEVICE AND compensation frame , the output frame having a stronger 
PROGRAM sharpening effect is generated . 

The compensation frame generation unit may generate a 
TECHNICAL FIELD component image set which includes a plurality of compo 

nent images by applying wavelet transform to the frame 
The present invention relates to an ultrasonic diagnosis sequence , and generate the compensation frame by synthe 

device , and particularly to a technique for synthesizing a sizing and inversely converting the plurality of component 
plurality of images . images . 

The compensation frame generation unit may apply the 
BACKGROUND ART maximum value method in the synthesis of the plurality of 

the component images . 
A plurality of frames obtained by transmission / reception The synthesis unit may synthesis the base frame and the 

of ultrasonic waves may be synthesized in order to equalize compensation frame by changing a weight in an area unit or an image quality and improve an S / N ratio . a pixel unit in the base frame and the compensation frame . Patent Literatures 1 to 3 disclose image quality improve According to the above configuration , the degree of the ment methods using a multi - resolution analysis in an ultra smoothing effect or the sharpening effect can be adjusted in sonic diagnosis device . the area unit or the pixel unit . 
Each frame included in the frame sequence may be a PRIOR ART LITERATURE 

20 frame where the deflection angles of the ultrasonic waves 
Patent Literature are different from each other , and the synthesis unit may set 

the weight for an area where the number of frames over 
PTL 1 : JP - A - 2006-116307 lapping each other is small to be smaller than the weight for 
PTL 2 : JP - A - 2011-56249 an area where the number of frames overlapping each other 
PTL 3 : JP - A - 2015-33569 25 is large in the compensation frame . 

The synthesis unit may synthesize the base frame and the 
SUMMARY OF INVENTION compensation frame by changing the weight for each type of 

an ultrasonic probe in the base frame and the compensation 
Technical Problem frame . 

Each frame included in the frame sequence may be a 
However , when the plurality of frames are synthesized , frame where the deflection angles of the ultrasonic waves 

since the image is smoothed , an edge portion of an object are equal to each other and obtained at different times from 
( for example , a tissue inside a living body ) is easily blurred each other . 
( the image of the edge portion is more likely to be not sharp ) . The base frame generation unit generates the base frame 
An object of the invention is to generate an output frame 35 based on a part of the frame sequence , and the compensation 

where an image of an edge portion is sharpened when the frame generation unit generates the compensation frame 
output frame is generated by synthesizing a plurality of based on a larger number of frames than the number of 
frames . frames used when generating the base frame sequence . 

Further , the invention is a program that causes a computer 
Solution to Problem to function as the base frame generation unit that generates 

the base frame by synthesizing a frame sequence obtained 
The invention is an ultrasonic diagnosis device including by transmission / reception of ultrasonic waves , a compensa 

a base frame generation unit that generates a base frame by tion frame generation unit that generates a compensation 
synthesizing a frame sequence obtained by transmission / frame where an edge component is emphasized based on the 
reception of ultrasonic waves , a compensation frame gen- 45 frame sequence , and a synthesis unit that generates an output 
eration unit that generates a compensation frame where an frame by synthesizing the base frame and the compensation 
edge component is emphasized based on the frame frame . 
sequence , and a synthesis unit that generates an output frame 
by synthesizing the base frame and the compensation frame . Advantageous Effect 

According to the above configuration , since the compen- 50 
sation frame where the edge component is emphasized and According to the invention , when the output frame is 
the base frame are synthesized , the output frame where the generated by synthesizing the plurality of frames , it is 
image of the edge portion is sharpened is generated . The possible to generate the output frame where the image of the 
base frame is , for example , a smoothed frame . By synthe- edge portion is sharpened . 
sizing the compensation frame with such smoothed base 55 
frame , it is possible to generate a frame that also synthesizes BRIEF DESCRIPTION OF DRAWINGS 
both the smoothing effect and the sharpening effect . In the 
synthesis processing according to the synthesis unit , for FIG . 1 is a block diagram showing an ultrasonic diagnosis 
example , the output frame is generated by performing device according to a first embodiment of the invention . 
weighted averaging on the base frame and the compensation 60 FIG . 2 is a block diagram showing a configuration of a 
frame . In the weighted average , by changing the weighting synthesis processing unit . 
coefficient for the base frame and the weighting coefficient FIG . 3 is a diagram showing an example of scan surfaces 
for the compensation frame , it is possible to generate the according to the first embodiment . 
output frame according to the purpose . For example , by FIG . 4 is a diagram showing an example of reception 
increasing the weighting coefficient for the base frame , the 65 frames . 
output frame having a stronger smoothing effect is gener- FIG . 5 is a diagram showing an example of the reception 
ated , and by increasing the weighting coefficient for the frame . 
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FIG . 6 is a diagram showing an example of a compensa- sis may be used in the transmission / reception of the ultra 
tion frame . sonic waves . Further , the transmission / reception unit 12 may 

FIG . 7 is a diagram showing an example of reception execute parallel reception processing . 
frames according to a second embodiment . The ultrasonic beam ( transmission beam and reception 
FIG . 8 is a diagram showing weighting coefficients 5 beam ) is electronically scanned by the action of the trans 

according to a modification . mission / reception unit 12 , thereby forming the scan surface . 
FIG . 9 is a diagram showing an example of a reception The scan surface corresponds to a plurality of beam data , 

frame according to a fourth embodiment . which constitute reception frame data ( RF signal frame 
FIG . 10 is a diagram shows an example of a scan surface data ) . Each of the beam data includes a plurality of echo data 

according to a fifth embodiment . 10 arranged in a line in a depth direction . By repeating the 
FIG . 11 is a diagram showing an example of a reception electronic scanning of the ultrasonic beam , a plurality of 

frame according to the fifth embodiment . reception frame data arranged in a line on a time axis are 
output from the transmission / reception unit 12. The plurality 

DESCRIPTION OF EMBODIMENTS of reception frame data form a reception frame sequence . 
When the ultrasound beam is two - dimensionally elec 

First Embodiment tronically scanned by the action of the transmission / recep 
tion unit 12 12 , a three - dimensional echo data acquisition 

FIG . 1 shows an ultrasonic diagnosis device according to space is formed , and volume data as an echo data aggregate 
a first embodiment of the invention . FIG . 1 is a block is acquired from the three - dimensional echo data acquisition 
diagram showing an overall configuration thereof . The ultra- 20 space thereof . By repeating the electronic scanning of the 
sonic diagnosis device is used in a medical field and has a ultrasonic beam , a plurality of volume data arranged in a line 
function of forming an image of tissue inside a living body on the time axis is output from the transmission / reception 
by transmission / reception of ultrasonic waves . unit 12. The plurality of volume data form a volume data 
A probe 10 is an ultrasonic wave transmitter / receiver that sequence . 

transmits and receives the ultrasonic waves . The probe 10 25 The signal processing unit 14 is a module that applies 
includes , for example , a 1D array transducer . The 1D array signal processing such as wave detection and logarithmic 
transducer is formed by arranging a plurality of vibration compression with respect to the beam data output from the 
elements one - dimensionally . An ultrasound beam is formed transmission / reception unit 12. The beam data after the 
by the 1D array transducer and electronically scanned signal processing may be stored in a memory . Of course , the 
repeatedly . Accordingly , a scan surface is formed in the 30 above - described processing may also be applied when the 
living body for each electronic scan . The scan surface beam data to which such signal processing is not applied is 
corresponds to a two - dimensional echo data acquisition stored in the memory , and the beam data is read . 
space . The probe 10 may include a 2D array transducer Further , the signal processing unit 14 includes a synthesis 
formed by two - dimensionally arranging a plurality of vibra- processing unit 16. The synthesis processing unit 16 has 
tion elements in place of the 1D array transducer . When the 35 functions of generating base frame data by synthesizing the 
ultrasonic beam is formed by the 2D array transducer and reception frame sequence after the signal processing such as 
electronically scanned repeatedly , a scan surface as a two- the wave detection and the logarithmic compression , gen 
dimensional echo data acquisition space is formed for each erating compensation frame data where the edge component 
electron scan , and when the ultrasonic beam is scanned of the object ( for example , the tissue inside the living body ) 
two - dimensionally , a three - dimensional space is formed as a 40 is emphasized based on the reception frame sequence , and 
three - dimensional echo data acquisition space . As a scan generating output frame data by synthesizing the base frame 
method , sector scan , linear scan , convex scan , or the like are data and the compensation frame data . The output frame 
used . data is output to a digital scan converter ( DSC ) 18. The 

The transmission / reception unit 12 functions as a trans- plurality of output frame data arranged in a line on the time 
mission beam former and a reception beam former . At the 45 axis are sequentially generated , which constitute an output 
time of transmission , the transmission / reception unit 12 frame sequence . 
supplies a plurality of transmission signals having a fixed The DSC ( digital scan converter ) 18 includes a convert 
delay relationship with respect to the plurality of vibration function ( coordinate conversion function , interpolation pro 
elements included in the probe 10. Accordingly , an ultra- cessing function , and the like ) . The DSC 18 generates a 
sonic transmission beam is formed . At the time of reception , 50 tissue display frame sequence based on the output frame 
a reflected wave from the inside of the living body is sequence ( reception frame sequence obtained by the syn 
received by the probe 10 , and thus a plurality of reception thesis processing unit 16 ) output from the signal processing 
signals are output from the probe to the transmission / unit 14. The individual tissue display frame sequence is data 
reception unit 12. The transmission / reception unit 12 forms of a B - mode tomographic image . The tissue display frame 
a reception beam by applying a phasing addition process to 55 sequence is displayed on a display unit 22 such as a monitor 
the plurality of reception signals . The beam data is output to via a display processing unit 20. Accordingly , the B - mode 
the signal processing unit 14. That is , the transmission / tomographic image is displayed as a moving image in real 
reception unit 12 performs delay processing on the reception time . 
signal obtained from each vibration element according to a The display processing unit 20 performs an overlay 
delay processing condition for each vibration element , and 60 processing on graphic data necessary for the tomographic 
performs addition processing of the plurality of reception image and the like , thereby generating a display image . The 
signals obtained from the plurality of vibration elements to image data is output to the display unit 22 , and one or a 
form the reception beam . The delay processing condition is plurality of images are displayed in a line in a display aspect 
defined by reception delay data ( delay time ) . A reception according to a display mode . 
delay data set ( set of delay time ) corresponding to the 65 The display unit 22 includes a display device such as a 
plurality of vibration elements is supplied from the control liquid crystal display . The display unit 22 may include a 
unit 24. A technology such as transmission aperture synthe- plurality of display devices . 
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The control unit 24 has a function of performing the advance . Of course , the number of reception frames as the 
operation control of each configuration shown in FIG . 1. The processed object may be changed to an arbitrary value by the 
control unit 24 may include a region - of - interest setting unit user , may be changed according to the mode of ultrasonic 
that sets a region of interest ( ROI ) on the tissue display diagnosis , or may be changed according to the type of the 
frame ( B - mode tomographic image ) . probe 10. The processing by the basic image generation unit 
An input unit 26 is connected to the control unit 24. The 30 will be described in detail later . 

input unit 26 includes , for example , an operation panel The edge - enhanced image generation unit 32 acquires a including an input device such as a trackball , a keyboard , plurality of reception frame data of the processed object 
various buttons , various knobs , and the like . A user can 
specify or input a position of the scan surface , a position of 10 data where the edge component of the object is emphasized from the memory 28 , and generates the compensation frame 
a cross section , an information related to the region of 
interest , and the like using the input unit 26 . based on the plurality of reception frame data . The edge 

In the above - described ultrasonic diagnosis device , a enhanced image generation unit 32 generates the compen 
configuration other than the probe 10 can be realized by sation frame data by performing a Wavelet Fusion method 
using hardware resources such as a processor or an elec- 15 on the plurality of reception frame data , for example . That 
tronic circuit , and a device such as a memory may be used is , the edge - enhanced image generation unit 32 generates a 
as necessary in the realization . In addition , the configuration component image set which includes a plurality of compo 
other than the probe 10 may be realized by , for example , a nent - specific images by applying a wavelet transform to the 
computer . In other words , all or part of the configuration plurality of reception frame data , and generates the com 
other than the probe 10 may be realized by the cooperation 20 pensation frame data by synthesizing and inversely convert 
of the hardware resources such as a CPU , a memory , a hard ing the plurality of component - specific image data . In the 
disk , and the like , and a software ( program ) for defining an synthesis , for example , the maximum value method is 
operation of the CPU and the like included in the con ater . applied . The processing by the edge - enhanced image gen 
The program is stored in a storage device ( not shown ) via a eration unit 32 will be described in detail later . 
recording medium such as a CD or a DVD , or via a 25 The number of reception frames processed by the edge 
communication path such as a network . As another example , enhanced image generation unit 32 may be equal to , or more 
the configuration other than the probe 10 may be realized by than , or less than the number of reception frames processed 
a Digital Signal Processor ( DSP ) , a Field Programmable by the basic image generation unit 30. For example , the 
Gate Array ( FPGA ) , or the like . Of course , a Graphics relationship between the number of the reception frames 
Processing Unit ( GPU ) or the like may also be used . 30 processed by the edge - enhanced image generation unit 32 

Hereinafter , the ultrasonic diagnosis device according to and the number of reception frames processed by the basic 
the first embodiment will be described in detail . As an image generation unit 30 may be changed according to the 
example , it is assumed that the probe 10 includes the 1D mode of the ultrasound diagnosis . 
array transducer . The synthesis unit 34 generates the output frame data by 

The synthesis processing unit 16 will be described in 35 synthesizing the base frame data and the compensation 
detail below with reference to FIG . 2. FIG . 2 is the block frame data . Specifically , the synthesis unit 34 generates the 
diagram showing a configuration of the synthesis processing output frame data by performing weighted averaging on the 
unit 16 . base frame data and the compensation frame data . That is , 

The synthesis processing unit 16 includes a memory 28 , for each pixel , the synthesis unit 34 multiplies the base 
a basic image generation unit 30 as an example of a base 40 frame data ( for example , the luminance value ) by a weight 
frame generation unit , an edge - enhanced image generation ing coefficient for the base frame , multiplies the compensa 
unit 32 as an example of a compensation frame generation tion frame data ( for example , the luminance value ) by a 
unit , and a synthesis unit 34 . weighting coefficient for the compensation frame , adds 

The memory 28 includes a ring buffer which includes , for results of these multiplications , and divides a value obtained 
example , a buffer F1 , F2 , ... , Fn , and stores the plurality 45 from the addition by the sum of the weighting coefficients . 
of reception frame data after the signal processing such as Accordingly , a weighted average value ( for example , the 
detection and logarithmic compression is applied . The ring luminance value ) of each pixel is calculated , and the output 
buffer includes , for example , buffers corresponding to the frame data is generated . The weighting coefficient may be 
number of reception frames to which the processing by the determined by the user , may be determined for each area in 
basic image generation unit 30 and the edge - enhanced image 50 the frame , may be determined for each pixel in the frame , or 
generation unit 32 is applied . Of course , the ring buffer may may be determined according to the type of the probe 10. As 
include a larger number of buffers than the number of the an example , the weighting coefficient for the base frame is 
buffers . “ 0.7 ” , and the weighting coefficient for the compensation 
The basic image generation unit 30 acquires the plurality frame is “ 0.3 ” . Of course , these values are merely one 

of reception frame data of a processed object from the 55 example , and other values may also be used . The processing 
memory 28 , and generates the base frame data by synthe- by the synthesis unit 34 will be described in detail later . 
sizing the plurality of reception frame data . The basic image The output frame data generated by the synthesis unit 34 
generation unit 30 generates the base frame data by simply is output to the DSC 18. When the reception frame data is 
averaging the plurality of reception frame data , for example . sequentially generated by transmission / reception of the 
That is , the basic image generation unit 30 generates the 60 ultrasonic waves , the base frame data is sequentially gen 
base frame data by adding the plurality of reception frame erated by the basic image generation unit 30 , the compen 
data ( e.g. luminance value ) for each pixel and dividing the sation frame data is sequentially generated by the edge 
sum by the number of the plurality of reception frames . The enhanced image generation unit 32 , and the output frame 
basic image generation unit 30 generates the base frame data data is sequentially generated by the synthesis unit 34 . 
representing a smoothed image by applying such smoothing 65 Accordingly , the output frame sequence which includes a 
processing to the reception frame data . The number of plurality of output frame data arranged in a line on the time 
reception frames as the processed object is determined in axis is configured . 
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A spatial compound method is applied in the first embodi- the object , a reception frame 46 ( frame indicated by a 
ment . Hereinafter , the spatial compound method will be one - dot chain line ) is generated . The reception frames 42 , 
described in detail . FIG . 3 shows an example of the scan 44 , 46 are stored in the memory 28. When the ultrasonic 
surfaces in a case where the spatial compound method is beam is repeatedly transmitted and received with the scan 
applied . When the spatial compound method is applied , the 5 surfaces 36 , 38 , 40 as the objects , the reception frames 42 , 
plurality of scan surfaces having different deflection angles 44 , 46 are sequentially generated . The reception frames 42 , 
of the ultrasonic beams are formed . In the example shown in 44 , 46 form the reception frame sequence arranged in a line 
FIG . 3 , three scan surfaces ( scan surfaces 36 , 38 , 40 ) are on the time axis . 
formed . The scan surfaces 36 , 38 , 40 are two - dimensional The basic image generation unit 30 generates a base frame 
planes formed by transmission / reception of the ultrasonic 10 48 by simply averaging the reception frame 42 obtained 
beam . from the scan surface 36 , the reception frame 44 obtained 
An example of the scan surface 36 is a scan surface from the scan surface 38 , and the reception frame 46 

formed at a position where a deflection angle o is zero obtained from the scan surface 40. The base frame 48 
degree ( 0 degree ) . For example , a switch for giving an corresponds to a compound image . In the compound image , 
instruction to form the scan surface 36 with the deflection 15 the image is smoothed . In the example shown in FIG . 4 , the 
angle being zero degree is provided in the input unit 26 , base frame 48 has a display region the same as a display 
and when the switch is pressed by the user , the scan surface region of the reception frame 42 obtained from the scan 
36 is formed at the position where the deflection angle o is surface 36 with the deflection angle being 0 degree . That is , 
zero degree . The tissue display frame ( B - mode tomographic the base frame 48 is a frame corresponding to the scan 
image ) on the scan surface 36 is generated and displayed on 20 surface 36 , and a shape , a size , and a position of the base 
the display unit 22. The user can change an orientation and frame 48 are the same as the shape , the size , and the position 
a position of the probe 10 such that a site of an observed of the reception frame 42 . 
object appears in the B - mode tomographic image while Since the scan surfaces 36 , 38 , 40 are scan surfaces where 
observing the B - mode tomographic image . Of course , when the deflection angles of the ultrasonic beams are different 
the probe 10 including the 2D array transducer is used , the 25 from each other , the base frame 48 includes a region where 
scan surface may also be set to electronically deflecting the three reception frames ( reception frames 42 , 44 , 46 ) are 
scan surface . For example , a knob or a trackball for deflect- added , and a region where two reception frames ( reception 
ing the scan surface is provided on the input unit 26 , and frames 42 , 44 , or reception frames 42 , 46 ) are added . In this 
when the knob or the trackball is operated by the user , the case , a striped pattern ( for example , an elongated linear 
scan surface is deflected . 30 pattern ) may appear on boundaries 48a , 48b between the 

The scan surface 38 is a scan surface that is electronically region where the three reception frames are added and the 
deflected in a + direction with reference to the position of region where the two reception frames are added . The 
the scan surface 36. The scan surface 40 is a scan surface that boundary 48a corresponds the boundary between the 
is electronically deflected in a -o direction with reference to addition region of the three reception frames and the addi 
the position of the scan surface 36. For example , the knob or 35 tion region of the two reception frames ( reception frames 42 , 
the trackball for deflecting the scan surface is operated by 46 ) , and the boundary 486 corresponds to the boundary 
the user , and the scan surfaces 38 , 40 are set at positions between the addition region of the three reception frames 
corresponding to the operation . The tissue display frame and the addition region of the two reception frames ( recep 
( B - mode tomographic image ) on the scan surface 38 , 40 tion frames 42 and 44 ) . For example , the appearance of the 
may be generated and displayed on the display unit 22 . 40 pattern can be suppressed or prevented by performing 
An example of the scan surface 38 is a scan surface where weighting processing on the boundaries 48a , 486 , and the 

the deflection angle is formed at a position of +5 degrees , periphery thereof . 
and the scan surface 40 is a scan surface where the deflection The edge - enhanced image generation unit 32 generates a 
angle is formed at a position of -5 degrees . compensation frame 50 by applying the wavelet fusion 

For example , the ultrasonic beam is repeatedly transmit- 45 method to the reception frame 42 obtained from the scan 
ted and received while changing the deflection angle such surface 36 , the reception frame 44 obtained from the scan 
that the scan surfaces are repeatedly formed in an order of surface 38 , and the reception frame 46 obtained from the 
the scan surfaces 36 , 38 , 40. Accordingly , the scan surfaces scan surface 40. The compensation frame 50 corresponds to 
are repeatedly formed in the order of the scan surface 36 , 38 , a wavelet fusion image . Since the wavelet transform is 
40. The scan surface 36 is a scan surface formed at a time 50 applied , the image is sharpened in the compensation frame 
to , the scan surface 38 is a scan surface formed at a time tl , 50 , and the edge component of the object is clearly repre 
and the scan surface 40 is a scan surface formed at a time t2 . sented . In the example shown in FIG . 4 , the compensation 

In the example shown in FIG . 3 , three scan surfaces are frame 50 has a display region the same as the display region 
set , but a plurality of scan surfaces other than 3 ( for example , of the reception frame 42 obtained from the scan surface 36 
two or more scan surfaces ) may also be formed . 55 with the deflection angle being 0 degree . That is , the 

FIG . 4 shows a reception frame acquired from each scan compensation frame 50 is a frame corresponding to the scan 
surface . The reception frame is data input to the synthesis surface 36 , and the shape , size , and position of the compen 
processing unit 16 after being subjected to the signal pro- sation frame 50 are the same as the shape , size , and position 
cessing such as the wave detection and the logarithmic of the reception frame 42 . 
compression by the signal processing unit 14 . Similarly to the base frame 48 , in the compensation frame 
When the ultrasonic beam is transmitted and received 50 , the striped pattern may appear in the boundaries 50a , 50b 

with the scan surface 36 as the object , a reception frame 42 between the synthesized region of the three reception frames 
( frame indicated by a solid line ) is generated . When the ( the reception frames 42 , 44 , 46 ) and the synthesized region 
ultrasonic beam is transmitted and received with the scan of the two reception frames . The boundary 50a corresponds 
surface 38 as the object , a reception frame 44 ( frame 65 to the boundary between the synthesized region of the three 
indicated by a broken line ) is generated . When the ultrasonic reception frames and the synthesized region of the two 
beam is transmitted and received with the scan surface 40 as reception frames ( reception frames 42 , 46 ) , and the bound 
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ary 50b corresponds to the boundary between the synthe- the wavelet transform may be executed to a higher - order 
sized region of the three reception frames and the synthe- order . For example , the order may be changed according to 
sized region of the two reception frames ( reception frame the type of the probe 10 . 
42 , 44 ) . Since the compensation frame 50 ( wavelet fusion Next , the edge - enhanced image generation unit 32 gen 
image ) is a sharpened image , the edge component of the 5 erates a synthesized component image set 62 by synthesiz 
object is emphasized by the boundaries 50a , 50b , and a ing the component image set 58 and the component image striped pattern is likely to appear . In order to cope with this , set 60. In the synthesis , for example , the maximum value the appearance of the pattern can be suppressed or prevented method is applied . That is , the edge - enhanced image gen by performing weighting processing on the boundaries 50a , eration unit 32 selects a maximum value ( for example , a 50b , and the periphery thereof . maximum value of the luminance value ( the value corre The synthesis unit 34 generates the output frame 52 by 
performing weighted averaging on the base frame 48 and the sponding to the coefficient ) from the component image set 
compensation frame 50. For example , for each pixel , the 58 and the component image set 60 for each pixel , and 
synthesis unit 34 multiplies the data ( e.g. , luminance value ) generates the synthesized component image set 62 consti 
of the base frame 48 by the weighting coefficient for the base 15 tuted by the maximum value of each pixel . The synthesized 
frame ( e.g. , 0.7 ) and multiplies the data ( e.g. , luminance component image set 62 is also the set of the HH component 
value ) of the compensation frame 50 by the weighting image , the HL component image , the LH component image , 
coefficient for the compensation frame ( e.g. , 0.3 ) , adds the and the LL component image . 
results of the multiplication , and divides the value obtained Next , the edge - enhanced image generation unit 32 inverse 
by the addition by the sum of the weighting coefficients 20 transforms ( DT - CWT- ? ) the synthesized component image 
( e.g. , 1.0 ) . Accordingly , the weighted average value ( for set 62. Accordingly , an edge - enhanced image 64 where an 
example , the luminance value ) of each pixel is calculated , edge component in the tissue is emphasized is generated . 
and the output frame 52 is generated . The above weighting The edge - enhanced image 64 corresponds to the compen 
coefficient is an example , and other values may also be used . sation frame . 

Conversion processing is applied to the output frame 52 25 In the example shown in FIG . 4 , the wavelet fusion 
by the DSC 18 , and thus the tissue display frame ( B - mode method shown in FIG . 5 is applied to the reception frames 
tomographic image ) is generated . A plurality of output 42 , 44 , 46 , and the compensation frame 50 as the edge 
frames 52 arranged in a line on the time axis are sequentially enhanced image is generated . generated , and a plurality of tissue display frames arranged As described above , according to the first embodiment , by on the time axis are sequentially generated . The tissue 30 synthesizing the smoothed base frame 48 and the compen display frame is displayed on the display unit 22 via the sation frame 50 where the edge component is sharpened , the display processing unit 20 . output frame 52 where the edge component of the object is The output frame 52 is a frame generated by synthesizing 
the smoothed base frame 48 and the sharpened compensa sharpened and an image of the smoothed object ( for 
tion frame 50. Therefore , in the output frame 52 , a smoothed 35 example , the tissue inside the living body ) is represented is 
tissue image is represented and the edge component of the generated . 
tissue is sharpened . In general , when an ultrasonic beam is transmitted and 

The wavelet fusion method executed by the edge - en received in parallel to the edge portion of the object , the edge 
hanced image generation unit 32 will be described below portion of an image obtained by the transmission / reception 
with reference to FIG . 5. FIG . 5 shows a frame at each stage . 40 wave is hard to be emphasized . Since the image is smoothed 
As an example , a case where the wavelet fusion method is in the compound image obtained by simply averaging the 
applied to the reception frames 54 , 56 will be described . plurality of reception frames , the S / N and the connection of 

First , the edge - enhanced image generation unit 32 applies the images become good , but the image of the edge portion 
the wavelet transform ( for example , Dual Tree Complex is more easily blurred . Therefore , in the base frame 48 , the 
Wavelet Transform ( DT - CWT ) : parallel tree complex wave- 45 image of the edge portion is easily blurred ( the image of the 
let transform ) to the reception frame 54 to generate a edge portion is more likely to be not sharp ) . 
component image set 58 including the plurality of compo- In the first embodiment , the compensation frame 50 
nent - specific images . Specifically , the edge - enhanced image where the image of the edge portion is sharpened is gener 
generation unit 32 applies a low - pass filter and a high - pass ated in addition to the base frame 48 , and the compensation 
filter to the reception frame 54 in a vertical direction and a 50 frame 50 and the base frame 48 are synthesized . Accord 
horizontal direction , and executes this application to the ingly , the frame where the edge component of the object is 
third order to generate the component image set 58. The sharpened is obtained while the image of the smoothed 
component image set 58 is a set of an HH component image , object is represented . 
an HL component image , an LH component image , and an In the first embodiment , the synthesis processing by the 
LL component image . The wavelet transform is further 55 synthesis processing unit 16 is applied to the frame data 
applied to the LL component image . before the conversion processing by the DSC 18 is applied , 

Similarly , the edge - enhanced image generation unit 32 but the synthesis processing may be applied to the tissue 
applies the wavelet transform to the reception frame 56 to display frame data ( B - mode tomographic image data ) after 
generate a component image set 60 which includes the the conversion processing is applied without applying the 
plurality of component images . The component image set 60 60 synthesis processing to the frame data before the conversion 
is also a set obtained by executing the wavelet transform to processing is applied . 
the third order , and is a set of the HH component image , the Further , in the example shown in FIG . 4 , the base frame 
HL component image , the LH component image , and the LL and the compensation frame are generated based on the three 
component image . The wavelet transform is further applied reception frames , but the base frame and the compensation 
to the LL component image . 65 frame may be generated based on reception frames having a 

In the above example , although the wavelet transform is number other than three ( for example , two or more reception 
executed to the third order , this is merely an example , and frames ) . The number of reception frames for generating the 
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compensation frame may be equal to , more than , or less than coefficient applied to the pixel other than the pixel group 
the number of the reception frames for generating the base may be used as the weighting coefficient applied to the pixel 
frame . group on and around the boundaries 50a , 50b ( for example , 
The weighting coefficient applied when synthesizing the a range of a predetermined number of pixels from the 

base frame and the compensation frame may be set in an 5 boundaries 50a , 505 ) . In this way , by changing the weight 
area unit . That is , the weighting coefficient may be set for ing coefficient , the edge component of the object is difficult 
each area . For example , a different weighting coefficient to be emphasized by the boundaries 50a , 505 , and the 
may be used in each area . occurrence of the striped pattern can be suppressed or 

The weighting coefficient set for each area will be prevented . 
described in detail below with reference to FIG . 6. FIG . 6 10 As still another example , the weighting coefficients 
shows an example of the compensation frame . As described applied to the base frame and the compensation frame may 
with reference to FIG . 4 , since the compensation frame 50 be changed according to variation in the luminance values of 
as the wavelet fusion image is the sharpened image , the edge the plurality of reception frames ( for example , the reception 
component of the object is emphasized at the boundaries frames 42 , 44 , 46 ) to be the object of the synthesis process 
50a , 50b of each reception frame , and the striped pattern is 15 ing . The variation may be evaluated , for example , by vari 
likely to appear . In order to cope with this , in the compen- ance of the luminance values , a difference between a maxi 
sation frame 50 , a first weighting coefficient applied to the mum value and a minimum value of the luminance values of 
area where a larger number of reception frames are synthe- the plurality of frames , and the like . For example , if the 
sized objects and a second weighting coefficient applied to variance of the luminance values is less than or equal to a 
the area where a smaller number of reception frames are 20 predetermined threshold , it is determined that there is no 
synthesized object may be made different . For example , a variation or the variation is small , and if the variance is 
value smaller than the first weighting coefficient is used as larger than the threshold , it is determined that the variation 
the second weighting coefficient . is large . Similarly , when the difference between the maxi 

In the example shown in FIG . 6 , an area 66 in the mum value and the minimum value is less than or equal to 
compensation frame 50 is the area where the three reception 25 the predetermined threshold , it is determined that there is no 
frames ( reception frames 42 , 44 , 46 ) are synthesized objects , variation or the variation is small , and if the difference is 
and an area 68 is the area where the two reception frames larger than the threshold , it is determined that the variation 
( reception frames 42 , 46 ) are synthesized objects , and the is large . This determination is performed by the synthesis 
area 70 is the area where the two reception frames ( reception unit 34 , for example . 
frames 42 , 44 ) are synthesized objects . In this case , the 30 When there is no variation in the luminance value or the 
synthesis unit 34 applies the second weighting coefficient variation in the luminance value is small , the synthesis unit 
having the value smaller than the first weighting coefficient 34 uses a larger value as the weighting coefficient applied to 
applied to the area 66 to the areas 70 to generate an the base frame , and uses a smaller value as the weighting 
output frame 52 by performing weighted averaging on the coefficient applied to the compensation frame . When the 
base frame 48 and the compensation frame 50 . 35 variation in the luminance value is large , the synthesis unit 

For example , “ 0.3 ” is applied to the area 66 in the 34 uses the smaller value as the weighting coefficient applied 
compensation frame 50 as the first weighting coefficient , and to the base frame , and uses the larger value as the weighting 
“ 0.1 ” is applied to the areas 68 , 70 in the compensation coefficient applied to the compensation frame . At this time , 
frame 50 as the second weighting coefficient . Accordingly , the synthesis unit 34 may set the weighting coefficient for 
" 0.7 ” is applied to the area corresponding to the area 66 in 40 each pixel . When the variation in the luminance value is 
the base frame 48 as the weighting coefficient , and the large , it is possible to suppress the variation in the output 
weighting coefficient " 0.9 " is applied to the area correspond- frame by reducing the weighting coefficient applied to the 
ing to the areas 68 , 70 in the base frame 48. The synthesis base frame . 
unit 34 applies such weighting coefficients to the base frame In addition , the synthesis unit 34 may generate the output 
48 and the compensation frame 50 to perform the weighted 45 frame using data in the area 66 without using the data in the 
averaging . Accordingly , the output frame 52 having the areas 68 , 70 in the compensation frame 50. In this case , the 
weighting coefficient different in each area is generated . synthesis unit 34 may generate output data using the data in 
As described above , by using a value smaller than the first the area corresponding to the area 66 without using the data 

weighting coefficient applied to the area 66 as the second in the area corresponding to the areas 68 , 70 in the base 
weighting coefficient applied to the areas 68 , 70 , since the 50 frame 48 , or may generate the output data by using the data 
contribution of the data in the areas 68 , 70 becomes smaller , in the area corresponding to the areas 68 , 70 in addition to 
the edge component of the object is difficult to be empha- the area 66 . 
sized at the boundaries 50a , 50b , and the occurrence of the When the weighting coefficients are changed for each area 
striped pattern can be suppressed or prevented . or for each pixel , a weighting coefficient set indicating a set 
As another example , the weighting coefficient applied 55 of weighting coefficients for each area or each pixel may be 

when synthesizing the base frame and the compensation created in advance , and a plurality of weighting coefficient 
frame may be set in a pixel unit . That is , the weighting sets each with different weighting coefficients may be cre 
coefficient may be set for each pixel . For example , a ated in advance . In this case , the user may select a target 
different weighting coefficient may be used for each pixel . In weighting coefficient set from the plurality of weighting 
the example shown in FIG . 6 , for example , a value smaller 60 coefficient sets , or the synthesis unit 34 may select the target 
than the weighting coefficient applied to the pixel included weighting coefficient set . 
in the area 66 may be used as the weighting coefficient In the case where the probe 10 is moved , the synthesis unit 
applied to the pixel included in the areas 68 , 70. As another 34 may stop the synthesis processing of the base frame and 
example , a value smaller than the weighting coefficient the compensation frame , further reduce the weighting coef 
applied to a pixel other than the pixel group may be used as 65 ficient of the compensation frame , and further increase the 
the weighting coefficient applied to a pixel group on the weighting coefficient of the base frame . Accordingly , it is 
boundaries 50a , 50b , or a value smaller than the weighting possible to suppress or prevent an unnatural edge afterimage 

. 



US 11,151,697 B2 
13 14 

caused by a movement of the probe 10. For example , the method is applied along the time direction . The number of 
motion of the probe 10 can be detected by calculating an reception frames to which the wavelet fusion method is 
inter - frame difference value or an inter - frame correlation applied may be changed to the arbitrary value by the user . 
value for the reception frame or the tissue display frame . In the example shown in FIG . 7 , the edge - enhanced image 
When the difference value or the correlation value is equal 5 generation unit 32 generates the compensation frame 84 by 
to or larger than the predetermined threshold , it is deter- applying the wavelet fusion method to the reception frames 
mined that the probe 10 is moved , and the weighting 72 , 74 , 76. Next , the edge - enhanced image generation unit 
coefficient of the compensation frame is made small . 32 generates the compensation frame 86 by applying the 

wavelet fusion method to the next three reception frames 
Second Embodiment 10 ( the reception frames 74 , 76 , 78 ) on the time axis . The 

edge - enhanced image generation unit 32 sequentially gen 
An ultrasonic diagnosis device according to a second erates the plurality of compensation frames arranged on the 

embodiment of the invention will be described below . The time axis by repeating this processing . 
ultrasonic diagnosis device according to the second embodi- The synthesis unit 34 sequentially performs weighted 
ment has the same configuration as the ultrasonic diagnosis 15 averaging on a plurality of base frames and compensation 
device according to the first embodiment . The spatial com- frames arranged on the time axis to sequentially generate the 
pound method is applied in the first embodiment , but a plurality of output frames . In the example shown in FIG . 7 , 
persistence method rather than the spatial compound method the synthesis unit 34 generates the output frame by perform 
is applied in the second embodiment . ing weighted averaging on the base frame 80 and the 

Hereinafter , the persistence method will be described in 20 compensation frame 84 , and generates the output frame by 
detail with reference to FIG . 7. FIG . 7 shows an example of performing weighted averaging on the base frame 82 and the 
the reception frames . In the persistence method , synthesis compensation frame 86. The synthesis unit 34 repeats this 
processing by the synthesis processing unit 16 is applied to processing to generate the plurality of output frames 
the plurality of reception frames arranged in a line on the arranged in a line on the time axis . 
time axis . The deflection angle of the ultrasonic beam is set 25 In the persistence method , the number of reception frames 
to the predetermined angle ( for example , 0 degree ) , and the for generating the base frames may be smaller than the 
scan surface having the deflection angle is formed to gen- number of reception frames for generating the compensation 
erate the reception frame sequence . Hereinafter , an example frames . In the example shown in FIG . 7 , the base frames are 
of the deflection angle is assumed to be 0 degree . generated based on the two reception frames , and the 

In the example shown in FIG . 7 , the reception frames 72 , 30 compensation frames are generated based on the three 
74 , 76 , 78 and the like are sequentially generated , and reception frames . The base frames are more likely to be 
constitute the reception frame sequence arranged in a line on affected by the motion of the object than the compensation 
the time axis . These are reception frames obtained from the frames since being generated by the simply averaging . In 
same scan surface . In addition , each reception frame is the order to cope with this , by reducing the number of reception 
data after the signal processing such as the wave detection , 35 frames for generating the base frames , responsiveness to the 
the logarithmic compression and the like which is applied by movement of the object is improved , and therefore , even 
the signal processing unit 14 , and is the data input to the when the simply averaging is performed , the blur of the 
synthesis processing unit 16 . image can be prevented . 

In the second embodiment , the basic image generation In addition , a processing according to an Infinite Impulse 
unit 30 generates the base frame by simply averaging the 40 Response ( IIR ) method may be performed in the persistence 
predetermined number of the reception frames ( for example , method . In this case , since the weight of the latest reception 
two reception frames ) . The basic image generation unit 30 frame is the largest , the responsiveness is improved . 
generates a plurality of base frames arranged in a line on the ( Modification ) 
time axis by performing simply averaging while changing A modification of the first and the second embodiments 
the plurality of reception frames which are the object of the 45 will be described below with reference to FIG . 8. FIG . 8 
simple average processing along a time direction ( frame shows an example of the weighting coefficients applied to 
direction ) . That is , the basic image generation unit 30 the base frame and the compensation frame when the 
generates the plurality of base frames by obtaining the synthesis processing ( weighted average processing ) is per 
moving average in the time direction . The number of recep- formed by the synthesis unit 34 . 
tion frames as the object of the simply averaging may be 50 In the modification , the synthesis unit 34 changes the 
changed to the arbitrary value by the user . weighting coefficient applied at the time of the weighted 

In the example shown in FIG . 7 , the basic image genera- average processing in accordance with the type of the probe 
tion unit 30 generates the base frame 80 by simply averaging 10 used . 
the reception frames 72 , 74. Next , the basic image genera- First , the weighting coefficients in a case where the 
tion unit 30 generates the base frame 82 by simply averaging 55 compound method as the synthesis method according to the 
the next two reception frames ( the reception frames 74 , 76 ) first embodiment is applied will be described . When a 
on the time axis . The basic image generation unit 30 convex type probe is used as the probe 10 , “ 0.2 ” is used as 
sequentially generates a plurality of base frames arranged in the weighting coefficient applied to the compensation frame , 
a line on the time axis by repeating this processing . and “ 0.8 ” is used as the weighting coefficient applied to the 

In addition , the edge - enhanced image generation unit 32 60 base frame . In this case , the synthesis unit 34 multiplies the 
generates a compensation frame by applying the wavelet compensation frame data ( e.g. , the luminance value ) by the 
fusion method to the predetermined number of reception weighting coefficient “ 0.2 ” , multiplies the base frame data 
frames ( for example , three reception frames ) . The edge- ( e.g. , the luminance value ) by the weighting coefficient 
enhanced image generation unit 32 generates the plurality of " 0.8 ” for each pixel , adds the results of the multiplication , 
compensation frames arranged in a line on the time axis by 65 and divides the value obtained by the addition by the sum 
performing the wavelet fusion method while changing the ( 1.0 ) of the weighting coefficients . As a result , a weighted 
plurality of reception frames to which the wavelet fusion average value ( for example , the luminance value ) of each 
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pixel is calculated , and the output frame data is generated . In the third embodiment , the transmission / reception unit 
When a linear type probe is used as the probe 10 , “ 0.1 ” is 12 performs the delay processing in accordance with a 
used as the weighting coefficient applied to the compensa- plurality of different delay processing conditions ( reception 
tion frame , and " 0.9 " is used as the weighting coefficient delay data set ) to form a plurality of reception frame data 
applied to the base frame . 5 obtained each at a different sound velocity . 
Next , the weighting coefficients in a case where the Three types of sound velocities are used as one example . 

persistence method as the synthesis method according to the The first sound velocity is 1460 m / s , the second sound 
second embodiment is applied will be described . When a velocity is 1360 m / s , and the third sound velocity is 1560 
convex type probe is used as the probe 10 , " 0.3 ” is used as m / s . Of course , a plurality of types of sound velocities other 
the weighting coefficient applied to the compensation frame , 10 than the three types may be used . In addition , the values of 
and “ 0.7 ” is used as the weighting coefficient applied to the the sound velocities are merely an example , and the values 
base frame . When a linear type probe is used as the probe 10 , of the sound velocities may be changed according to an 
" 0.4 ” is used as the weighting coefficient applied to the imaging object or the like . The transmission / reception unit 
compensation frame , and “ 0.6 ” is used as the weighting 12 12 repeatedly performs transmission / reception process 
coefficient applied to the base frame . When a sector type 15 ing while changing the sound speed in an order of the first 
probe is used as the probe 10 , “ 0.4 ” is used as the weighting sound velocity , the second sound velocity , and the third 
coefficient applied to the compensation frame , and “ 0.6 ” is sound velocity . Accordingly , a plurality of reception frames 
used as the weighting coefficient applied to the base frame . arranged in a line on the time axis are formed . 
As described above , according to the type of the probe 10 The edge - enhanced image generation unit 32 generates 

used , an appropriate image suitable for the type of the probe 20 the compensation frame data by applying the wavelet fusion 
10 is generated by changing the weighting coefficients used method to the reception frame data obtained at the first 
in the weighted average processing by the synthesis unit 34 . sound velocity , the reception frame data obtained at the 
For example , since the frame rate and the probe shape are second sound velocity , and the reception frame data obtained 
different depending on the type of the probe 10 , an appro- at the third sound velocity , as in the first embodiment . The 
priate image is generated by changing the weighting coef- 25 edge - enhanced image generation unit 32 generates the com 
ficient according to the frame rate and the probe shape . pensation frame data each time the reception frame data at 

For example , the range where the deflection angle of the each sound velocity is formed . Accordingly , the plurality of 
ultrasonic beam can be changed differs depending on the compensation frames arranged on the time axis are formed . 
type of the probe 10 , and the weighting coefficients may be In the third embodiment , the basic image generation unit 
determined according to the variable range . For example , 30 30 does not perform the processing . 
when the probe 10 with a narrow variable range is used , a The synthesis unit 34 generates the output frame data by 
larger value may be used as the weighting coefficient applied performing weighted averaging of the reception frame data 
to the compensation frame , as compared with the case where obtained at a specific sound velocity ( for example , the 
the probe 10 having a wide variable range is used . reception frame data obtained at the first sound velocity ) and 

The values of the weighting coefficients shown in FIG . 8 35 the compensation frame data . 
are merely examples , and the weighting coefficients may be According to the third embodiment , even when the recep 
changed according to the individual characteristics of the tion frame is generated by changing the sound velocity , the 
probe 10 . image where the edge portion of the object is sharpened is 

The data indicated by a weighting coefficient table shown obtained by using the compensation frame . 
in FIG . 8 may be stored in a storage unit ( not shown ) . In this 40 
case , the synthesis unit 34 may automatically detect the type Fourth Embodiment 
of the probe 10 connected to an ultrasonic diagnosis device 
main body , and acquire the weighting coefficients corre- An ultrasonic diagnosis device according to a fourth 
sponding to the type from the weighting coefficient table . embodiment of the invention will be described below . The 
For example , when the probe 10 is connected to the ultra- 45 ultrasonic diagnosis device according to the fourth embodi 
sonic diagnostic apparatus main body , the synthesis unit 34 ment has the same configuration as the ultrasonic diagnosis 
acquires the information indicating the probe type stored in device according to the first embodiment . Multistage focus 
the memory in the probe 10 from the memory , and acquires processing is executed in the fourth embodiment . 
the weighting coefficient corresponding to the probe type A plurality of reception frame data having different focus 
indicated by the information from the weighting coefficient 50 is generated according to the focus control of the ultrasonic 
table . Of course , the user may use the input unit 26 to input beam by the transmission / reception unit 12. For example , 
information indicating the type of the probe 10. In this case , the first focus and the second focus are set , and the trans 
the synthesis unit 34 acquires the weighting coefficients mission / reception unit 12 repeatedly performs the transmis 
corresponding to the type of the probe 10 indicated by the sion / reception processing while alternately changing the 
information input by the user from the weighting coefficient 55 focus of the ultrasonic beam between the first focus and the 
table . second focus . Accordingly , a plurality of reception frames 

arranged in a line on the time axis are formed . 
Third Embodiment In FIG . 9 , a reception frame obtained in each focus is 

shown . For example , the reception frame 90 is the reception 
An ultrasonic diagnosis device according to a third 60 frame obtained in the first focus , and the reception frame 92 

embodiment of the invention will be described below . The is the reception frame obtained in the second focus . 
ultrasonic diagnostic apparatus according to the third The edge - enhanced image generation unit 32 generates 
embodiment has the same configuration as the ultrasonic the compensation frame data by applying the wavelet fusion 
diagnosis device according to the first embodiment . In the method to the reception frame 90 obtained in the first focus 
third embodiment , the synthesis processing unit 16 performs 65 and the reception frame 92 obtained in the second focus as 
processing on a plurality of reception frames obtained at the object as in the first embodiment . The edge - enhanced 
different sound velocities . image generation unit 32 generates the compensation frame 
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data each time the reception frame data is generated . The fifth embodiment is applied to a case where a 
Accordingly , the plurality of compensation frames arranged puncture needle is used , for example . This point will be 
on the time axis are formed . described in detail below . 

In the fourth embodiment , the basic image generation unit An example of a scanning surface according to the fifth 
30 does not perform the processing . 5 embodiment is shown in FIG . 10. The scanning surface 94 

The synthesis unit 34 generates the output frame data by is a scanning surface formed by transmission / reception of a 
performing weighted averaging on the reception frame data high - frequency ultrasonic wave , and the scanning surface 96 
obtained in a specific focus ( for example , the reception is a scanning surface formed by transmission / reception of 
frame 90 obtained in the first focus ) and the compensation the low - frequency ultrasonic wave . In addition , the puncture 
frame data . needle 98 is inserted into the scanning surfaces 94 , 96 . 

According to the fourth embodiment , even when the The puncture needle 98 is more likely to be conspicuous 
multistage focus processing is executed , the image where in an image which includes a fundamental wave component 
the edge portion of the object is sharpened can be obtained obtained by the low - frequency ultrasonic wave than an 
by using the compensation frame . In the above example , the image which includes a harmonic component obtained by 
focus is changed to two stages , however , the focus may also the high - frequency ultrasonic wave . The scanning surface 
be changed to three or more stages . 96 is formed by deflecting the ultrasonic beam such that the 

In addition , also in the fourth embodiment , the synthesis ultrasonic beam is transmitted and received by the puncture 
unit 34 may perform weighted averaging by changing the needle 98 from a direction orthogonal to the puncture needle 
weighting coefficient in the area unit or in the pixel unit of . 20 98 so that the puncture needle 98 is more conspicuous in the 

image which includes the fundamental wave component . 
Fifth Embodiment An example of the reception frame sequence generated by 

repeating transmission / reception of the high frequency ultra 
An ultrasonic diagnosis device according to a fifth sonic wave and the transmission / reception of the low fre 

embodiment of the invention will be described below . The 25 quency ultrasonic wave is shown in FIG . 11 . 
ultrasonic diagnosis device according to the fifth embodi- As an example , each reception frame is generated in the 
ment has the same configuration as the ultrasonic diagnosis order of the reception frames 100 , 1020 , 102b , 104a , 
device according to the first embodiment . In the fifth 104b , The reception frame 100 , 102b , 104b are the 
embodiment , the synthesis processing unit 16 performs the reception frames which includes the high frequency com 
processing on a plurality of reception frames obtained by ponent obtained by transmission and reception of the high 
transmission / reception of the ultrasonic waves having dif- frequency ultrasonic wave . The reception frame 102a and 
ferent frequencies from each other . 104a are reception frames which includes the fundamental 

The transmission / reception unit 12 generates the recep- wave components obtained by transmission / reception of the 
tion frame data ( reception frame data which includes a THI low - frequency ultrasonic wave . 
( Tissue Harmonic Imaging ) component ) which includes a The edge - enhanced image generation unit 32 generates 
harmonic component by transmission / reception of the ultra- the compensation frame 106 by applying the wavelet fusion 
sonic waves having a relatively high frequency , for example , method to the reception frames 102a , 104a , for example . 
and generates the reception frame data which includes a The synthesis unit 34 generates the output frame 108a by 
fundamental wave component by transmission / reception of 40 performing weighted averaging to the reception frame 1025 
the ultrasonic waves having a relatively low frequency . and the compensation frame 106 , and generates the output 

The transmission / reception unit 12 alternately repeats frame 1086 by performing weighted averaging to the recep 
transmission / reception of the ultrasonic waves having a tion frame 104b and the compensation frame 106. Thereaf 
relatively high frequency and a transmission / reception of the ter , the edge - enhanced image generation unit 32 generates 
ultrasonic waves having a relatively low frequency , thereby 45 the compensation frame by applying the wavelet fusion 
alternately generating the reception frame data which method to the next two reception frames on the time axis , 
includes the harmonic component and the reception frame and the synthesis unit 34 generates the output frame by 
data which includes the fundamental wave component . As a performing weighted averaging to the next reception frame 
result , a plurality of reception frames arranged in a line on 
the time axis is formed . Each frequency is set by the control 50 each time the reception frame is generated , these processes and the compensation frame on the time axis . Thereafter , 
unit 24 . are repeated , so as to form the plurality of output frames The edge - enhanced image generation unit 32 generates arranged in a line on the time axis . the compensation frame data by applying the wavelet fusion As described above , the edge component of the puncture method on the plurality of reception frame data ( reception 
frame data of the plurality of fundamental wave compo- 55 needle is sharpened by applying the wavelet fusion method 
nents ) obtained by transmission / reception of a low - fre for the reception frame which includes the fundamental 
quency ultrasonic wave as in the first embodiment . The wave component where the puncture needle is more con 
edge - enhanced image generation unit 32 generates the com spicuous . Since the reception frame which includes the 
pensation frame data each time the reception frame data is harmonic component is the reception frame where image 
generated . As a result , the plurality of compensation frames 60 quality is given priority , the image quality of the tissue in the 
arranged in a line on the time axis is formed . living body is good , and the ultrasound image ( B - mode 

In the fifth embodiment , the basic image generation unit tomographic image ) where the puncture needle is sharpened 
30 does not perform the processing . is obtained by synthesizing the reception frame and the 

The synthesis unit 34 generates the output frame data by compensation frame which includes the harmonic compo 
performing weighted averaging of the reception frame data 65 nent thereof . 
and the compensation frame data of the harmonic compo- In the first to fifth embodiments described above , the 
nent . processing is performed on the two - dimensional reception 
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frame as the object , but the processing may also be per- 4. The ultrasonic diagnosis device according to claim 1 , 
formed on the three - dimensional volume data as the object . wherein 

the synthesis unit synthesizes the base frame and the 
REFERENCE SIGN LIST compensation frame by changing a weight for each 

type of an ultrasonic probe in the base frame and the 14 signal processing unit compensation frame . 
16 synthesis processing unit 5. The ultrasonic diagnosis device according to claim 1 , 28 memory wherein 30 basic image generation unit each frame included in the frame sequence is a frame 32 edge - enhanced image generation unit where the deflection angles of the ultrasonic waves are 34 synthesis unit equal to each other and obtained at time different from The invention claimed is : 

each other . 1. An ultrasonic diagnosis device comprising : 
a base frame generation unit configured to generate a base 6. The ultrasonic diagnosis device according to claim 5 , 

wherein frame by synthesizing a frame sequence obtained by 15 
transmission / reception of ultrasonic waves ; the base frame generation unit generates the base frame 

a compensation frame generation unit configured to gen- based on a part of the frame sequence , and 
erate a compensation frame where an edge component the compensation frame generation unit generates the 
is emphasized based on the frame sequence ; and compensation frame based on a larger number of 

a synthesis unit configured to generate an output frame by 20 frames than a number of frames used when generating 
synthesizing the base frame and the compensation the base frame sequence . 
frame ; 7. A non - transitory computer - readable medium storing a wherein the synthesis unit synthesizes the base frame and program , which causes a computer to function as : the compensation frame by changing a weight in an 
area unit or a pixel unit in the base frame and the 25 a base frame generation unit configured to generate a base 
compensation frame ; frame by synthesizing a frame sequence obtained by 

wherein each frame included in the frame sequence is a transmission / reception of ultrasonic waves ; 
frame where deflection angles of ultrasonic waves are a compensation frame generation unit configured to gen 
different from each other ; and erate a compensation frame where an edge component 

wherein the synthesis unit sets a weight for an area where 30 is emphasized based on the frame sequence ; and 
a number of frames overlapping each other is small to a synthesis unit configured to generate an output frame by 
be smaller than a weight for an area where a number of synthesizing the base frame and the compensation 
frames overlapping each other is large in the compen frame ; 
sation frame . wherein the synthesis unit synthesizes the base frame and 

2. The ultrasonic diagnosis device according to claim 1 , the compensation frame by changing a weight in an 
wherein area unit or a pixel unit in the base frame and the 

the compensation frame generation unit generates a com compensation frame ; 
ponent image set which includes a plurality of compo wherein each frame included in the frame sequence is a nent - specific images by applying wavelet transform to frame where deflection angles of ultrasonic waves are the frame sequence , and generates the compensation 40 different from each other , and frame by synthesizing and inversely converting the 
plurality of component - specific images . wherein the synthesis unit sets a weight for an area where 

3. The ultrasonic diagnosis device according to claim 2 , a number of frames overlapping each other is small to 
wherein be smaller than a weight for an area where a number of 

frames overlapping each other is large in the compen the compensation frame generation unit may apply a 45 sation frame . maximum value method in the synthesis of the plurality 
of component - specific images . 
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